Using artificial solid diets, experiments were performed with Anastrepha obliqua (Macquart, 1835) wild females in order to verify the influence of different quantities of brewer yeast on the performance and compensation behavior to unbalanced diets ingestion. The observed parameters were egg production, ingestion, diet efficiency and survival in the reproductive phase. Results indicated that there was no compensatory ingestion to different quantities of yeast and that the diet with 12.5g of yeast provided the best performance. The absence of compensatory ingestion is discussed based on the yeast phagostimulation and on the costs involved in solid diets ingestion. The relation between the analyzed parameters and the protein quantities in the diet were discussed.
INTRODUCTION
The fruit flies, before becoming sexually mature, pass by a maturation period during which they need to feed on carbohydrates and water to survive and on the protein source to mature their eggs (BRAGA & ZUCOLOTO, 1981; ALUJA, 1994) . They are anautogen insects because there is no egg production without protein ingestion in the adult phase. According to CANGUSSU & ZUCOLOTO (1992) in studies with medfly Ceratitis capitata (Wiedemann, 1824) fruitflies, using insects reared in laboratory on artificial diets, when a nutrient (protein in this case) is offered in different concentrations, the highest ingestion occurs when the concentration is small and therefore unsatisfactory to the organism needs. This compensatory response was already studied in other insects (SIMPSON & ABISGOLD, 1985; ABISGOLD & SIMPSON, 1987; HAMILTON & SCHAL, 1988; SIMPSON et al., 1989) . Studies with Anastrepha suspensa (Loew, 1873) showed that compensatory responses did not occur to hydrolyzed yeast, but they did to carbohydrates (SHARP & CHAMBERS, 1984) . FONTELLAS & ZUCOLOTO (1999) found that A. obliqua (Macquart, 1835) females also ingested in a compensatory way when they were fed on solutions with different concentrations of sucrose. The same did not occur when the females were fed on solid diets with different concentrations of sucrose.
Based on these data, the objective was to verify the optimal quantity of brewer yeast (protein source) to A. obliqua females in relation to performance, and whether these females show compensatory responses to the variation of the yeast quantities in the solid diet.
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MATERIAL AND METHODS
The females originated from a population collected from infested Spondias venulosa (Linnaeus) and S. purpurea (Linnaeus) fruits. Fruits were collected in the "Universidade de São Paulo campus" and "Fazenda Experimental do Instituto Agronômico de Campinas", both in Ribeirão Preto, SP, Brasil. The fruits were maintained in a plastic tray with sand, until their pulp dried. Then, the sand was sieved and the pupae collected and maintained in acrylic boxes with sterilized sand. The boxes with pupae and the experimental boxes were maintained in stove with constant temperature (29±1°C) and humidity (70±1%). After emergence, females were separated at random in boxes. Ten females were used by replication (1 box = 1 replication) and the replication number varied with the experiment.
To all experiments daily ingestion measurements were done, according to CANGUSSU & ZUCOLOTO (1995) : two diet pieces of 400mg each were offered daily to the flies, and the same quantity was placed in a box containing no flies, to calculate evaporation. After 24 hours, the diets were transferred to stove at 80±1°C and left for 24 hours until they reached constant dry weight. Ingestion was calculated by the following formula: I = TDM-RDM/N; I = ingestion, TDM = total dried mater, RDM = remaining dried mater, N = number of living flies.
Two kinds of diet were used: one with carbohydrate only (11.0g of sucrose, Mallinckrodt-USA), 3.0g of agar (Difco), 100.0ml of distilled water and 1.5ml of Nipagin (alcoholic solution at 20%). The protein diet had the same composition, but with yeast (Boneg) in variable quantities according to the experiment. The diets were prepared according to ZUCOLOTO et al. (1979) .
The dead females were removed daily, counted and their eggs were also counted. The experiments were performed in 18 days (pre-oviposition phase). After 18 days, the females started laying eggs all over the box, making it impossible to count individual ovipositions. At the end of 18 days, the remaining females were killed by freezing and preserved in alcohol at 70% with glycerin. After a minimum time of 48 hours, the females were dissected and their eggs counted with the help of a magnifying glass (10X magnification).
The data were analyzed statistically by the SigmaStat for Windows program, 1994, by Jandel Corporation.
RESULTS
In the first experiment, 5 different quantities of yeast were tested: 0.0g, 1.0g, 2.5g, 4.5g and 6.0g. For each amount, 3 replications were done (3 boxes). Results were analyzed using the Kruskal-Wallis test, at a significance level of 5%.
The highest ingestion rate (1.84mg/female/day) occurred in the diet with highest protein amount (6.5g yeast) (tab. I). Ingestion of the 4.5g yeast diet did not show any statistical difference in relation to ingestion of the 6.5g yeast diet, presenting a very close average (1.72mg/female/day). Ingestion of no-yeast diets and of 1.0g and 2.5g yeast diets did not show any statistical difference among them, differing only from the 4.5 yeast diet and the 6.5g yeast diet.
Concerning egg production (tab. I), the 6.5g yeast diet also yielded the best results in absolute terms (1.00 egg/female/day). This result did not differ statistically from the one obtained in the 4.5g yeast diet (0.43 egg/female/day). Production in the other diets did not show any statistical difference.
In terms of diet efficiency, the diets containing 4.5g and 6.5g yeast were statistically identical; however, the 6.5g yeast diet was superior than the other 3 diets. Survival did not differ statistically in any of the tested quantities ( fig. 1) .
Other yeast quantities were tested (experiment 2): 8.5g; 10.5g; 12.5g; 14.5g; 16.5g and 18.5g. Groups were assembled and analyzed in pairs. This procedure was used because females were originated from different fruits from different periods. There are variations in the nutrient levels among different fruits from different periods. In groups assembled and analyzed in pairs the influence of these differences are not so important. Five replications were done for each group. Results were analyzed by the Iheringia, Sér. Zool., Porto Alegre, (91) 1.06 ± 0.78a 0a 1.0 0a 1.14 ± 0.64a 0a 2.5 0.01 ± 1.06a 1.25 ± 0.57a 0a 4.5 0.43 ± 13.47ab 1.72 ± 0.70b 0.24 ± 0.06ab 6.5
1.00 ± 23.55b 1.84 ± 0.79b 0.56 ± 0.17b Mann-Whitney test, but for the survival results which were analyzed through the KruskalWallis test, at a significance level of 5%.
As it had happened with experiment I, the ingestion rates increased with the yeast concentration, in such a way that no compensatory response was observed (tab. II). There were statistical differences in ingestion rates for the diets with 8.5g and 10.5g, and for the diets with 14.5g and 16.5g. Egg production increased with ingestion up to 14.5g of yeast in diet, whereas it fell with the higher quantities. There were statistical differences for this parameter for the diets containing 6.5g and 8.5g, 8.5g and 10.5g, 10.5g and 12.5g. If only egg production had been considered, the 14.5g yeast diet could be considered the optimal concentration for A. obliqua, although no statistical difference was observed for this diet in relation to the 12.5g diet. It can be seen that survival does not confirm that fact, since it clearly fell as yeast concentration rose ( fig. 1) , and 6.5g was the quantity that yielded the highest survival rate (81.7%). According to the calculation of diet efficiency, which relates the number of eggs produced to the diet ingestion, the 12.5g yeast diet was the quantity considered optimal for A. obliqua, although survival rate was of 53.3%. Despite this difference in survival rate, the statistic results were only different in the: 6.5g and 16.5g, 6.5g and 18.5g, and 8.5 and 18.5g diets, what shows that 12.5g of yeast can be considered the best quantity in a diet, since it yielded both average egg production and average survival. The 14.5g yeast diet yielded a higher egg production than the one resulting from consumption of the 12.5g diet; however, survival was much lower and tended to fall even more with higher yeast concentrations. This would disqualify those yeast concentrations, since survival was measured during the first 18 days of adult life, a period when there was still no oviposition, which generally begins around the 18th day.
DISCUSSION
Although individuals from the genus Anastrepha (Schiner, 1868) show an admirable plasticity in behaviors such as, feeding, rest and oviposition, (ALUJA & BIRKE, 1993) , the females need an exogenous protein source for egg production, which should be ingested in an optimal quantity. Below and above this quantity reduction of performance can occur (SAVOPOULOU-SOULTANI et al., 1994) . Experiments performed with varied protein sources to A. obliqua showed that 7.0g of yeast promoted the highest egg production (MESSAGE & ZUCOLOTO, 1989) . It is interesting that quantities higher than 7.0g of yeast caused damageable effects on egg production. However, quantities higher than that were used in the present study and positive results were obtained, what disagrees with MESSAGE & ZUCOLOTO (1989) data. These differences can be explained by the different season in which the experiments were performed. The wild females are exposed to environmental variations that can cause a strong selective pressure. Along the time the population can present behavioral and physiological changes. Another plausible explanation would be the difference in the yeast batches. According to CANGUSSU & ZUCOLOTO (1995) , different yeast batches can have quantitative and qualitative differences in the nutrient contents causing differences on the performance.
In the present work, the results from Experiment I did not correspond to the expected: females did not ingest more from the less quantity of yeast diet to compensate the nutritive deficiency of that element, as it occurred with C. capitata, (CANGUSSU & ZUCOLOTO, 1992) . On the contrary, females ingested more of the diet with a higher quantity of yeast; in this way, they neither showed any compensatory response, nor it was possible to verify the optimal yeast quantity in the diet for A. obliqua. If the insect ingests a nutrient quantity higher than the optimal for its species, its digestive system will not adapt itself to the high osmolarity of the solution (DADD, 1985) . This will reduce the insect performance, as demonstrated in C. capitata fed on diets that had different concentrations of a mixture of aminoacids. Egg production fell with diet concentrations higher than the optimal (1.2g) (FERRO & ZUCOLOTO, 1990) . In the present study it was observed that, for diets with 0.0g, 1.0g and 2.5g of yeast, egg production was null, what indicates that the quantities used in those diets were below the optimal for A. obliqua. Because this species has no protein storage from the larval stage, egg production did not occur. For diets with yeast concentrations higher than 14.5g, egg production fell and survival became critical, since it was below 50% in a period during which oviposition had not started yet. Although these harmful and even lethal effects may occur, some adaptations exist to lessen them as, for instance, an increase of enzymatic activity or accumulation of substance (LEMOS et al., 1992) or other kinds of post-ingestion compensatory responses.
There are other works with A. obliqua adults that used a mixture of aminoacids similar to the casein composition, or even with casein itself, and the quantities found as optimal were much lower than the results obtained here: 2.4g (BRAGA & ZUCOLOTO, 1981) and 4.8g (FERRO & ZUCOLOTO, 1989) . Those diets contained other nutrients besides those used in the present work, such as salts, lipids and vitamins, what might influence the utilization of the protein source and the egg production. TSIROPOULOS (1980) documented that vitamins, minerals and other nutrients present in many protein sources may be important for a normal production of healthy eggs, although it has been demonstrated more recently that, for C. capitata, the amount of salt and vitamins required for egg production depends, essentially, on the type of diet ingested by the larvae (CANATO et al., 1994) .
Contrary to the results found by CANGUSSU & ZUCOLOTO (1992) for C. capitata, using brewer yeast in different concentrations, in the present study the highest ingestion rate was observed to occur in the diet containing the highest protein quantity (18.5g). This kind of non-compensatory response does not agree with the other studies that showed that the concentration of nutrients in the hemolymph may regulate the quantity of food to be ingested (BERNAYS, 1985; ABISGOLD & SIMPSON, 1988; SIMPSON et al., 1991; SIMPSON & RAUBENHEIMER, 1993) . Feeding on high protein diets, the A. obliqua females should have high aminoacid levels in the hemolymph and, according to that mechanism, should decrease the consumption. There is, still, the possibility that other haemolymph factors limit the quantity of food, such as osmotic pressure and the volumetric factor. The effect of hemolymph osmotic pressure is relatively small when compared to volumetric factors. According to BERNAYS (1985) the abdominal feedback may be the most important factor in protein ingestion regulation. Results obtained with Rhagoletis pomonella (Walsh), fed on liquid diets, support this volumetric hypothesis (HENDRICHS et al., 1993) .
Food ingestion is also regulated by its physical nature. Hardness and resistance are food parameters of particular relevance. There are examples of some species varieties for which food hardness has reduced feeding or increased time spent in ingestion (BERNAYS, 1985) . The non compensation with solid diets may also be related to metabolic costs involved in their utilization (JACOME et al., 1995) , since the energy obtained from this kind of food does not compensate the energy spent in its ingestion and digestion; in the same way, it is not compensatory for the individual to ingest great quantities of low protein diets: the energy consumption for ingestion and digestion of small quantities of highly concentrated diets is the same as for large amounts of diets with low concentration. HENDRICHS et al. (1993) have also found that R. pomonella fed on solid diets liquefy the food with salivary secretion. Metabolic water, which is used to produce saliva, is chiefly obtained by catabolism of lipid reserves, what involves consumption of energy. Besides that extra consumption of energy, a considerable cleaning of mouth pieces during rest periods between feeding events is necessary, thus increasing energy consumption (HENDRICHS et al., 1993) .
One explanation for the high ingestion of diets with greater yeast content is that the protein source, in this case the yeast, works as a phagostimulant. Apparently, the sugar present in food works as a feeding stimulus for flies, although there is the possibility of stimulation by other chemical compounds or by the synergy between sugar and other food constituents (BERNAYS, 1985) . In the most phytophagous insects it is common to select different nutrients, normally present in their host plants, to work as phagostimulants (BERNAYS, 1985) . It is possible that A. obliqua use protein compounds as phagostimulants because of their dependence on this nutrient for egg production. VANDERZANT (1974) found that both wheat germ and brewer's yeast are rich in important nutrients for the insects, besides containing substances apparently attractive to the species. SHARP & CHAMBERS (1984) found that several aminoacids, many of which are present in yeast, are high phagostimulants for both A. suspensa males and females, and are, apparently, the active compounds responsible for the amounts of protein ingested by the flies. Phagostimulant effectiveness is measured in different species as the ingested quantity during one feeding event, or during a period of time, and increases up to a maximum concentration, above which the ingested quantities can be reduced (BERNAYS, 1985) .
Fruit flies have specific hunger and behavioral responses for protein and carbohydrate sources (LANDOLT & DAVIS-HERNANDEZ, 1993) . These behavioral responses are, very often, more specific for aminoacids and protein compounds than for sugars (HSIAO, 1985) , maybe because sugars are found in nature in higher abundance than protein sources.
In relation to performance, it is relevant for the species that females produce the greatest possible number of eggs. The highest survival rate verified with the 6.5g yeast diet may indicate a tendency to a greater longevity, what would be equally favorable in terms of performance as the time of egg production would be longer. The experiment was performed during pre-oviposition period, where the concentration of 14.5g of yeast provided the highest egg production. The number of eggs in the abdomen does not represent the whole size of a progeny, because oviposition had not occurred: the females had died before oviposition began and, even if oviposition had occurred, the short longevity would not have allowed a higher egg production. According to diet efficiency, the 12.5g yeast diet proved to be the optimal quantity in relation to egg production as the amounts ingested were smaller, for the same number of eggs produced. Longevity of A. obliqua females fed on 6.5g of sucrose can last more than 60 days, with an average egg production. It is indisputable that survival is an important parameter concerning egg production, when considering that the number of eggs produced in the first 18 days of adult life does not represent the total reproductive potential of A. obliqua throughout its life span. The diet with 12.5g of yeast can be considered the optimal quantity of yeast to A. obliqua, because it promotes the best survival and egg production. Quantities above that may be considered harmful. Quantities between 6.5g and 12.5g may, in general, be considered good for the maintenance of A. obliqua flies in laboratory, depending on the perspective of the study to be conducted.
